Polyglycine conformational analysis: calculated vs experimental gas-phase basicities and proton affinities.
Structures of neutral and protonated polyglycines (Gly(n) and Gly(n)H(+) with n = 1-6) in the vicinity of global energy minima were calculated using the density functional theory at the B3LYP/6-311++G** (A) and B3LYP/6-31+G** (B) levels. Ninety-three structures were chosen for conformation and protonation studies. Geometries of the peptides are found to vary from open chains to multiple rings. Intramolecular hydrogen bonding is deduced to be the driving force for conformational stability. The preferred protonation sites are shown to be the terminal nitrogen atom and its adjacent amide oxygen atom. Structural series are developed according to geometrical form, hydrogen bonding, and protonation site. Physical factors that influence the relative electronic and thermodynamic stabilities of different structural series are examined. To obtain ab initio values of highest quality for gas-phase basicity (GB) and proton affinity (PA), electronic energies for n = 1-6 and thermal corrections to Gibbs free energy and enthalpy for n = 1-3 were calculated at level A, supplemented by thermal corrections for n = 4-6 at level B. Calculated GB and PA values are compared with mass spectral results obtained by the kinetic method (KM) and reaction bracketing (RB). The KM results and the ab initio values derived from structurally compatible pairs of lowest free energies are generally in good agreement, but the RB results for GB are lower by 2-8 kcal/mol for n = 2-6. Several reaction pathways are proposed to elucidate the experimental results. On the basis of theoretical structures consistent with the measurements, it is concluded that KM mostly samples the neutral and protonated structures of highest populations at thermal equilibrium, whereas RB targets those with sterically most accessible sites for protonation and deprotonation.